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BACKGROUND OF THE INVENTION 

This Invention relates to a device for dispensing or injecting a controlled amount 
of desired liquid chemical into a well. Wells, and particularly oil wells, rely upon the 
downhole injection of chemicals, including surfactants, corrosion inhibitors, foaming 
chemicals, and the like to enhance well production. 

Existing methods of injecting chemicals into wells include direct injection 
through the use of a simple check valve placed in a tubing string inserted into the well, 
with the operation of the valve depending on a balance of the downhole pressure, 
hydrostatic column pressure of the chemical in the tubing string, and additional injection 
pressure exerted on the inserted chemical. Due to the enormous pressures at typical oil 
well depths, these valves are inadequate to survive the environment and are frequently 
subject to back flow of downhole chemicals, gases, and fluids. Many of these chemicals 
are highly corrosive and are damaging to equipment once a back flow occurs. 
Furthermore, with these existing systems, chemicals must be inserted through the tubing 
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at a hydrostatic pressure higher than the downhole pressure; most existing equipment is 
not designed to withstand the stresses involved. Furthermore, because the downhole 
pressure can vary widely, the hydrostatic colunrn pressure can sometimes exceed the 
downhole pressure, allowing chemical to flow freely until the differential between the 

5 downhole pressure and the hydrostatic column pressure is sufficient to stem the free flow 
of chemical into the well. This free flow of chemical, combined with the regular 
inconsistent chemical injection associated with traditional check valves, leads to 
substantial waste of chemicals injected into the well. This wasted chemical is often 
expensive; furthermore, in some cases, an excess of injected chemical can be more 

10 harmful than helpful. A need exists, therefore, for an apparatus capable of delivering a 
steady, measured quantity of liquid chemical into a well without regard to the downhole 
pressure or the hydrostatic column pressure of chemical in the downhole tubing string. 
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SUMMARY OF THE INVENTION 

The present Invention solves the problems described above by providing a 
chemical injection valve with an adjustable opening pressure which operates regularly 
regardless of the downhole operating pressure. In the instant invention, a tubular housing 
5 is provided in which a piston travels. The piston is sealed to the interior of the tubular 
housing my means of an 0-ring which passes around the circumference of the tubing. 
The piston is kept under tension by a series of Bellville springs, the tension on which may 
be adjusted by a pressure adjustment screw located in the opposite end of the tubular 
housing from the piston. At the top end, the piston is conical in shape. The bottom end 

10 of the tubular housing is threaded to receive an end cap, and the top end of the tubular 
housing is threaded to receive the inlet/discharge port assembly. 

The inlet/discharge port assembly consists of a solid machined body that includes 
a threaded inlet port at the top and a solid bottom portion. Two vertical inlet channels 
pass through the interior of the inlet port through the solid bottom portion such that the 

15 inlet port and the bottom of the port assembly are in communication with each other. 
Furthermore, a horizontal channel passes between the two vertical channels through the 
center of the port assembly, forming two openings in the side of the port assembly. 
These two openings are the discharge ports of the port assembly. A vertical discharge 
channel passes from the center of the bottom of the port assembly upwards until it 

20 intersects with the center of the horizontal channel which forms the discharge ports, 
thereby allowing fluid communication between the bottom of the port assembly and the 
discharge ports. 
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In another embodiment of the instant invention, the port assembly further includes 
a check valve and check valve seat plug which are positioned in the bottom of the inlet 
port, immediately above the bottom portion of the port assembly. This check valve acts 
as a further safety against back flow through the device. 
5 When the port assembly is screwed into the top end of the tubular housing, it sits 

immediately above and in physical contact with the piston. Specifically, the tip of the 
conical end of the piston is in contact with the bottom of the vertical discharge channel 
such that in the ordinary rest position, the piston prevents fluid communication between 
the inlet channels and the discharge channel. 
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DESCRIPTION OF THE DRAWINGS 

Fig, 1 is an oblique view of the device in its assembled form. 

Fig. 2 is a cross-sectional view of the device and its internal parts 

Fig. 3 is a cross-sectional view of the device and its internal parts with the 
5 optional check valve. 

Fig. 4 is a cross-sectional view of the device and its internal parts showing the 
Bellville springs. 
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CATALOG OF ELEMENTS 
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DESCRIPTION 

In this instant invention as shown in Figs. 1-3, a tubular spring housing 100 is 
provided. The spring housing 100 is threaded at both its top and bottom ends and 
includes a central cavity in which a piston 1 10 actuates parallel to the axis of the spring 
5 housing 100. The piston 1 10 is a solid body with a conical upper end and is sealed to the 
interior of the spring housing 100 by means of a piston 0-ring. The piston 110 is 
prevented from exiting the top end of the cavity within the spring housing 100 by a piston 
retaining shoulder 102 positioned at the top of the cavity. The bottom portion of the 
cavity is threaded in order for a pressure adjustment screw 1 14 and pressure adjustment 

10 lock screw 1 16 to be screwed into the bottom of the cavity. Those of ordinary skill in the 
art will understand the nature of the pressure adjustment screw 114 and pressure 
adjustment lock screw 1 16. Between the top of the pressure adjustment screw 1 16 and 
the bottom of the piston 110, a series of piston pressure springs 112 operate on both in 
order to keep the piston 110 pressed securely against the piston retaining shoulder 102. 

15 Those of ordinary skill in the art will understand that the piston pressure springs 1 12 may 
be of many types, but are preferably Bellville springs. 

At the bottom of the spring housing 1 10, a bottom end cap 120 is screwed into the 
end of the cavity and is sealed to the spring housing 1 10 by means of an end cap 0-ring 
122. Above the cavity containing the piston 110, the interior of the spring housing 110 

20 widens slightly and is threaded to accommodate an inlet/discharge port assembly 130. 

The inlet/discharge port assembly 130 is made from a single piece. It is threaded 
around its lower portion in order to screw into the upper portion of the spring housing 
110. Its upper portion includes a central cavity which forms the inlet port 132 of the 
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device. The interior of the inlet port 132 is threaded to accommodate a standard tube 
string for installation of the device in a well application. Two vertical inlet channels 134 
pass through the bottom of the inlet port 132 through the bottom of the inlet/discharge 
port assembly 130. Furthermore, a vertical discharge channel 136 passes from the center 
of the bottom of the inlet/discharge port assembly 130 until it bisects the horizontal 
discharge channel 138. The horizontal discharge channel 138 passes through the bottom 
portion of the inlet/discharge port assembly 130 between the two inlet channels 134. The 
ends of the horizontal discharge channel 138 form two discharge ports 140 which are 
located on either side of the bottom portion of the inlet/discharge port assembly 130. 
When screwed into the top of the spring housing 100, the inlet/discharge port assembly 
130 is sealed to the spring housing 100 by means of an 0-ring 142. Furthermore, when 
the inlet/discharge port assembly 130 is screwed into the top of the spring housing 100, 
the tip of the conical portion of the piston 110 is in physical contact with and seals the 
bottom of the vertical discharge channel 136. The piston 1 10 is kept in this position by 
the operation of the piston pressure springs 112. 

In addition to the above described embodiment, the inlet/discharge port assembly 
130 may additionally include a check valve 150 and check valve seat plug 152 located 
within the bottom portion of the inlet port 132, as shown in Fig. 3. Such a check valve 
150 will be understood by those of ordinary skill in the art and consists essentially of a 
piston, cylindrical in shape but conical at both ends, with a diameter slightly smaller than 
the diameter of the interior of the inlet port 132. The check valve 150 is kept in vertical 
orientation within the inlet port 132 by a plurality of alignment tabs around the 
circumference of the check valve. Above the check valve 150, a check valve seat plug 


8 


152 is screwed into the inlet port and includes a central tubular channel of slightly 
smaller diameter than the diameter of the check valve 150. By this arrangement, the 
check valve 150 may slide vertically freely within the bottom of the inlet port 132, but is 
prevented from leaving the inlet port 132. Gravity will ordinarily keep the check valve 
5 150 such that fluid may pass from the inlet port through the check valve seat plug 152 
and then through the two inlet channels 134. It will be understood that should the 
direction of fluid flow reverse, however, the check plug 150 will be forced against the 
check valve seat plug 152, thereby stopping any back flow of fluid into the inlet port 130 
and ultimately into the tubing string to which the device is attached. 

10 In both embodiments of the instant invention, it will be understood that the 

various components of the device may be made from a number of materials, but it will be 
understood that stainless steel is the preferred material for fabricating the spring housing 
100, bottom end cap 120, and inlet/discharge port assembly 130. Stainless steel has 
superior corrosion resistance compared to other alloys, and is therefore clearly preferred 

15 for environments encountered at the bottoms of wells. Furthermore, stainless steel has 
the strength required to withstand the tensions placed on the device by the various 
pressures involved. It will be further understood that the preferred material for 
fabrication of the piston 110 is a material softer than stainless steel, but with high 
corrosion resistance, such as polytetrafluoroethylene, commonly referred to as PTFE or 

20 by a variety of brand names. 

In ordinary operation, the device comprising the invention is attached to the 
bottom of a tubing string which is inserted into a well. The tubing string is then filled 
with a fluid chemical. The fluid chemical flows through the tubing string into the inlet 
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port 132 and thence through the inlet channels 134 into the top of the spring housing 100. 
The piston 110 and piston 0-ring 118 prevent fluid flow into the cavity of the spring 
housing 100. It will be understood that when the piston 1 10 is in its ordinary position in 
contact with the bottom of the vertical discharge channel 136, exterior fluid and pressure 
operates on the piston through the discharge channels only on the small surface area of 
the tip of the piston 110. The hydrostatic column pressure of the fluid chemical, 
however, operates on the much larger surface of the shoulders of the conical portion of 
the piston 110. By this arrangement with the large disparity in surfaces upon which the 
interior hydrostatic column pressure and exterior downhole pressure may operate, it is 
virtually impossible for excessive exterior pressure to operate on the piston 1 10 in such a 
way as to allow back flow through the device. It will furthermore be readily seen that the 
piston 110 will only actuate when the hydrostatic column pressure operating on the 
shoulders of the top of the piston 110 is sufficient to overcome the force applied to the 
bottom of the piston 1 10 by the piston tensioning springs 112. By this arrangement, the 
piston pressure springs 1 12 may be set prior to installation of the device, with the setting 
of the piston pressure springs 1 12 being entirely dependent on the depth of the device and 
the hydrostatic column pressure of chemical above the device. 

As such, this device overcomes the limitations of traditional check valves used to 
meter chemical into the bottom of wells. The unique arrangement of the inlet channels 
134 in relation to the piston 110 and the discharge channel 138 allow for the device to 
operate independenfly of the exterior downhole pressure, allowing for a regular, 
measured amount of chemical to be dispensed through the device. Furthermore, should 
excessive downhole pressure build up, the small surface area of the piston 1 10 on which 


10 


such pressure may operate ensures that little, if any, back flow may occur, particularly in 
the embodiment shown in Fig. 3, in which a traditional check valve serves as a backup to 
prevent back flow. In the event that downhole pressure drops unexpectedly, the device 
comprising the instant invention is not subject to the siphoning effect that can befall 
traditional check valves, in which an excessive amount of chemical may be dispensed; in 
the instant device, the hydrostatic column pressure is not balanced against the downhole 
pressure but is rather balanced against the force provided by the piston pressure springs 
112. 

Although the present invention has been described with reference to certain 
preferred versions thereof, other versions are possible. Therefore, the spirit and scope of 
the appended claims should not be limited to the description of the preferred versions 
contained herein. Additionally, the reader's attention is directed to all papers and 
documents which are filed concurrently with this specification and which are open to 
public inspection with this specification, and the contents of all such papers and 
documents are incorporated herein by reference. Any element in a claim that does not 
explicitly state "means for" performing a specified function, or "step for" performing a 
specific function, is not to be interpreted as a "means" or "step" clause as specified in 35 
U.S.C.§ 112(6). 
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